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Two-step cascades from the 192Os(nth, γ)
193Os reaction were studied in γ − γ coincidence
measurement. The decay scheme of 193Os was established up to the excitation energy ∼ 3
MeV. The excitation spectrum of intermediate levels of most intense cascades was found to be
practically harmonic.
1 Introduction
Nuclear properties in the excitation interval up to the neutron binding energy Bn undergoes
radical change: the simplest low-lying levels transform into the Bohr’s compound states. The
only possibility to study this process in details is provided by the experimental investigation
of the two-step γ-cascades proceeding between the neutron resonance and group of low-lying
levels. Experimental data on the density and probability of population of the states observed
in this process are compared with the theoretical notions. The comparison allows one to reveal
the main peculiarities of change in properties of nuclear matter as excitation energy increases.
The main details of the analysis of this experiment are described, for example, in [1-3].
2 Experiment
Two-step γ-cascades following thermal neutron capture in 190Os and 192Os were studied by γ-γ
coincidence measurements undertaken at the LWR − 15 reactor in Rˇezˇ. The measurements
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were performed using the spectrometer [4] consisting of two HPGe-detectors with the efficiency
20% and 30%. The target consisting of 1200 mg of 192Os and 176 mg of 190Os was used. As
the thermal neutron capture cross section [5] equals 13.1 b for 190Os and 3.12 b for 192Os, then
this target provided 38% of captures in 190Os and 62% in 192Os.
Unlike other known methods for the study of the process of thermal neutron capture, the sum
coincidence method allows one to obtain reliable enough information not only for a monoisotopic
target but also for the case of few isotopes with comparable probabilities of neutron capture in
them. In the last case, the quality of the experimental data is somewhat worse due to:
(a) increase in the Compton background under the full energy peak in the sum coincidence
spectrum caused by a higher-energy cascade belonging to another isotope;
(b) possible overlapping of peaks in the sum coincidence spectrum.
However, a sufficiently high efficiency of detectors and fine energy resolution (FWHM ≃ 5 keV
for peaks at Ec = 5− 6 MeV in the sum coincidence spectrum) allowed us to obtain the results
of acceptable quality in this case, as well.
The main part of the sum coincidence spectrum measured in the experiment is shown in
Fig. 1. A relatively large background under the peaks in the region of the neutron binding
energy, Bn, is caused by a parasitic neutron capture in ≃ 3 mg of Cl contained in the target
and surrounding constructions. This component of the background and Compton background
at the lower cascade energy Ec = E1+E2 determine amplitude and shape of the “noise” line in
the intensity distributions of cascades with Ec = const. In all there were obtained and analysed
11 such spectra of cascades in 193Os. Each two-step cascade in such spectrum is presented by
a pair of peaks with equal areas and widths [6]. The probability of observing a low-intensity
cascade is determined only by the amplitude of the “noise” line. The registration threshold, Lc,
for individual cascades was determined from an analysis of spectra Ec = const corresponding
to background intervals in the sum coincidence spectrum. It was established that Lc linearly
increases from 1.5 to 6.0 events per 104 decays as the cascade energy changes from 5.6 to 4.5
MeV, respectively.
The data obtained allow one clearly demonstrate spectroscopic possibilities of the method.
For this aim all 11 intensity distributions of cascades observed were summed. The part of this
summed spectrum for the interval of the quantum energy Eγ from 3.0 to 4.6 MeV is presented
in Fig. 2 in function of the energy Eex = Bn −Eγ (Eex equals excitation energy of the cascade
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intermediate level when Eγ is the energy of the cascade primary transition E1). Summation
leads to accumulation of the primary transition intensities in common peak and intensities of
the secondary transitions – in different peaks. Due to low intensity cascades with the secondary
transition energy E2 > MeV are not observed in a given interval of the excitation energy as
the peaks, they form continuous distribution. Therefore, every peak in Fig. 2 with the high
probability corresponds to one of the levels of 193Os. So, one can see from Fig. 2 that the
experimental data allow confident determination of the level energies in 193Os up to 0.5Bn as
minimum even without the use of the most modern spectrometers.
3 Spectroscopic information
The method to construct a decay scheme using obvious thesis about the constancy of the
energy E1 = Bn −Em of the primary transition in the cascades with the different total energy
E1 + E2 = const was described for the first time in [7]. The method uses multi-dimensional
distribution in the framework of the maximum likelihood method in order to select probable
γ-transitions with equal energy in different spectra. The algorithm gives reliable results [8] even
at the mean error in determination of E1 up to ≃ 1.5 keV and number of cascades resolved
in spectrum as the pairs of peaks of about 103. Corresponding results for 193Os are given in
Table 1.
Analysis of the experimental data requires transformation of the peak areas of the resolved
cascades into absolute values (in % per decay). However, the direct solution of this problem
using, for example, the areas of peaks in the sum coincident spectrum is impossible because
of the uncontrollable conditions of the experiment. First of all, this is due to difficulties of
determining the number of captures in the target and the absolute efficiency of registration of
the cascade in the geometry of the experiment. This problem can be solved by the normalization
of relative intensities to the absolute values Aγγ calculated for most intense cascades by the
relation
Aγγ = i1 × Br, (1)
where the absolute intensities i1 of primary transitions are taken from other works, and the
branching ratios Br are determined in a standard way from the codes of coincidences accumu-
lated in this experiment. Aγγ is the ratio between the intensity of a given cascade and total
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intensity of all cascades with E1 + E2 = const. The use of a maximum large ensemble of ref-
erence cascades in the normalization allows one to minimize both statistical and systematical
errors of the procedure and practically reduce them to existing errors of i1.
Unfortunately, there are no reliable data on the absolute intensities of primary transitions for
osmium isotopes under consideration. Therefore, we were forced to use the data [9] on relative
intensities of γ-transitions following thermal neutron capture in 190Os. For their normalization,
we measured the spectrum of γ-rays after thermal neutron capture in the target of natural
Os and determined ratios between the peak areas corresponding to γ-transitions with energies
7234, 7793(190Os), 7835(188Os), and 5147 keV (191Os). The absolute intensity of 5147 keV
transition belonging to 191Os was determined to be equal I1 = 14.4(14)% per decay using
absolute intensities [10,11] of three other transitions and data [5,12] on isotopic abundance
and thermal neutron capture cross sections. This allowed us to reduce relative intensities of
primary transitions in 191Os [9] into the absolute values and determine [13] intensities of the
two-step cascades in this nucleus. The coefficient of normalization of relative intensities of the
primary transitions in 193Os to absolute values was determined using the ratio of areas of the
peaks corresponding to cascades to the ground and three low-lying levels of 191,193Os as well
as the averaged over corresponding spectra efficiency of registration of the cascades. It was
determined to be equal to 0.01077 for the relative intensities of the primary transitions from
[14].
The total absolute intensities Iγγ =
∑
iγγ of cascades with a fixed sum energy (including
those unresolved experimentally) are given in Table 2. The data correspond to the energy
detection threshold set at 520 keV which was used to reject annihilation quanta. Nevertheless,
the data are suitable for testing the validity of level density and radiative strength function
models in the excitation energy range almost up to Bn as it is shown in Table 2.
3.1 Background cascades
Every spectrum – intensity distribution of cascades with a given sum energy contains the
following components: (i) desired cascade both in form of pairs of resolved peaks and their su-
perposition – continuous distribution of low amplitude (cascade energy is completely deposited
in detectors); (ii) “noise” line resulted from registration of the part of the energy of quanta of
cascades with higher energy.
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On the average, the contribution of the latter in the spectrum practically equals zero but
in some local sections of the spectrum the distortions can be rather considerable. It should
be noted that the main distortion is due to the cases of partial absorption of the energy of
one cascade transition in detector and complete absorption of the energy of another transition.
Subtraction of this Compton background results in appearance of characteristic symmetrical
structures of variable sign in spectrum of cascades with less sum energy. As it was shown in
[8] these structures manifest themselves when the full energy peaks of high-energy cascades
contain more than 1000 events. The use of the numerical algorithm for improvement of en-
ergy resolution [6] strengthens this effect. The shape of such structure is determined by the
intensity of corresponding individual cascade with higher energy, choice of concrete windows
“effect+background” and “background” (Fig. 1) and is due to inevitable discrepancy in posi-
tions of these intervals. Of course, similar effect exists and in the standard analysis of γ − γ
coincidences but there it is well “masked”.
Precise enough and complete correction of corresponding distortions in the spectra, from
which the data of Fig. 2 were obtained, can be calculated. This requires the data on the
probability of simultaneous registration of quanta E1 and E2 in the full energy peaks for all
possible most intense cascades with the higher energy (included cascades in other isotopes and
elements situated in neutron beam). This procedure is absolutely necessary if HPGe detectors
with the efficiency more than 25-30% are used in the experiment.
3.2 The contribution of 191Os
The contribution of 191Os appears, in particular, in the sum coincidence spectrum as overlapping
of full energy peaks related with cascade transitions in 193Os and 191Os. As can be seen from
Table 3, such overlapping affects 4 cascade intensity distributions measured in 193Os. It should
be noted that this effect was taken into consideration only for final levels of cascades with
Jf ≤ 5/2 because, according to all previous experiments, the intensity of cascades which include
even though one quadrupole transition is considerably less than that of cascades with two dipole
transitions.
The overlapping of peaks corresponding to different isotopes brings in the necessity to
remove well separated, intense cascades belonging to the 191Os isotope from Table 1 and correct
the data in Table 2 for its contribution. The correction has sense only if the cascades of 193Os
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determine the major part of the area of a given doublet in the sum coincidence spectrum. As
a result, the experimentally resolved cascades of 191Os are removed from all 4 spectra.
The removed cascades are attributed to 191Os if within the limits of three standard errors
of determination of the intermediate level or γ-transition energy:
(a) intermediate levels with a corresponding energy are not observed in other 7 spectra of
193Os; but
(b) the γ-transition with a close energy is observed in cascade primary transitions of 191Os.
Of course, this procedure does not guarantee an absolute confidence of results. It is, however,
more suitable for determination of the level energies than for the determination of decay modes
of excited states. A number of cascade transitions observed with a relatively large mean error
of determination of their energies (∆E = 0.36 keV) does not allow one to suggest a more
reliable method to exclude cascades belonging to 191Os. Moreover, presently available [15]
information on thermal neutron radiative capture spectra of 190,192Os is considerably poorer
than the data obtained in the reported experiment and cannot be used to solve the problem
under consideration.
Correction of the total cascade intensities (Table 2) for the contribution of 191Os can be
done in a simpler way. An analysis shows that the low-lying levels of 191,193Os with equal Jpif and
the same structure are populated by two-step cascades with approximately equal probabilities.
It should be noted that approximate equality of intensities is observed also for the cascades
terminating at the levels with different spins J = 1/2 or 3/2 but equal parity. Therefore, the
ratio between the contributions of two isotopes in the case of such Jpif was taken equal to the
ratio between the number of neutron captures in 190Os and 192Os. Besides, the intensity of
cascades terminating at the Jpif = 5/2
− level of 193Os was assumed to be two times less than
the cascade intensity to the J = 1/2, 3/2 final levels of 191Os under conditions of equality of
numbers of neutron captures in both nuclei.
The results of the procedure are taken into account in the data listed in Table 2. Certainly,
it is an approximate solution of the problem. Unresolved doublets represent an insignificant
part of the total cascade intensity, however. Hence, one may expect negligible influence of the
corresponding error on physical results.
The maximum number of primary transitions belonging to 191Os (but entered in Table 1)
can be estimated from frequency distribution of the difference between the energies of the pri-
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mary transitions in corresponding spectroscopic data. Such frequency distribution for the 1
keV energy bins in 191,193Os is shown in Fig. 3. The enhanced (as compared with neighboring
intervals) frequency of observation of the primary transitions with close energy can testify to
admixture of the cascades of 191Os in Table 1. Mistaken isotopic identification is observed, prob-
ably, for 39(16) transitions from more than 500 primary transitions measured in two isotopes.
(Small but statistically significant deviation of the data given in Fig. 3 from zero can be related
to error in energy calibration for different Os isotopes). There is rather clear demonstration of
reliability of the spectroscopic data obtained in our experiment.
3.3 Comparison with a known decay scheme
Investigation of cascade γ-decay of heavy compound nuclei is a sensitive tool for obtaining
spectroscopic information and reliable establishing of a decay scheme up to the excitation
energy of 3-4 MeV. The observation confidence of nuclear excited states is mainly determined
by the intensity of populating cascades and depends weakly on the excitation energy. For these
reasons, the decay scheme of 193Os above ≃ 1 MeV established in our experiment seems to be
more precise and reliable than obtained earlier.
All observed by us levels of 193Os with J < 5/2 are listed in Table 1. The known decay
scheme of this nucleus includes only the part of possible levels from those listed in Table 1. This
is due to its construction mainly on the basis of spectra of the primary γ-transitions following
thermal neutron radiative capture. These spectra, however, were measured at real detection
threshold Lc ≃ 5 × 10
−3 events per decay. In our experiment there are observed the states
of 193Os populated by the cascades with the sum intensity exceeding 2 − 4 × 10−4 events per
decay. The energy of intermediate levels for the majority of these cascades was determined
according to [8] reliably enough, too. In the case of low intensity cascades, quanta ordering
was determined [7] only for part of them. Some of the cascades were observed only in one of
11 distributions and one cannot exclude that, possibly, some of the cascades listed in Table 1
can have the low energy primary and high energy secondary transitions.
7
4 Estimation of possible number of excited states below
detection threshold
At zero detection threshold Lc = 0 decay scheme would include the main part of excited states
of the studied nucleus up to the excitation energy where the mean spacing between the levels
is comparable with the widths of peaks (Fig. 2).
Of course, this is impossible. However, the most probable number of levels populated and
by the cascades with < Iγγ >≤ Lc can be estimated if it is taken into account that:
(a) intensity of cascades is the random value with the corresponding average and dispersion;
(b) usually Lc is noticeably less than the mean intensity < Iγγ > of cascades summed over
their final levels (for a given Ei).
Corresponding method of analysis is described in [16]. Its main idea is that one can select
such values of three parameters – the set of the mean intensities of cascades with E1 or M1
primary transitions (in reality - sum of intensities for each intermediate level), the total number
of intermediate levels for a given interval of the excitation energy, and Lc – which provide the
best reproduction of the cumulative sum of intensities for < Iγγ >> Lc. These parameters of
approximation are extrapolated over all region of possible values of cascade intensities on the
ground of the condition (b).
Experimental cumulative distribution of < Iγγ > for some energy intervals of their interme-
diate levels are compared with the results of the best approximation in Fig. 4. If fluctuations
of partial widths of the primary transitions relative to their mean value are described by the
Porter-Thomas distribution [17] than the best values of the obtained parameters allow the
conclusion that:
1. Table 1 contains more than 99% of the total intensity of cascades populating the levels
with Ei < 3 MeV and Ef ≤ 890 keV.
2. The function approximating experimental cumulative sums in the studied nucleus is
identical in two possible variants:
(a) or the intensities of cascades with the E1 and M1 primary transitions and number of
their intermediate levels practically are equal;
(b) or the mean intensity of these cascades differs from that of cascades with other type of
the transitions by a factor of ≈ 100 and more and their number equals the sum of the probable
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number of the intermediate levels according to the variant (a).
3. At the excitation energy above ≃ 2 MeV the analysis [16] gives considerably less number
of levels than that predicted by the back-shifted Fermi-gas model with the parameters taken
from [18].
Available information on the level density is compared in Fig. 5.
It should be noted that a decrease in the model level density used in calculation always leads
to an increase in the intensity of the cascades proceeding between the compound state and any
low-lying level. The use of the models of the radiative strength functions with the stronger
energy dependence also leads to increase in cascade intensity. As it is seen from the Table 2,
the calculated cascade intensity is considerably less than the experimental values. This result
confirms the conclusions of the analysis [16] that the density of the levels excited in 193Os is
considerably less than that predicted by the models which do not take into account the influence
on nucleon pairing at Eex > 2 − 3 MeV or underestimate it [19]. It should be noted also that
193Os is the first nucleus where the calculated cascade intensities are stronger affected by choice
the model of the radiative strength functions than by choice of the level density model. But on
the whole, theoretical notions of the level density and radiative strength functions for 193Os are
to be developed completely in the same direction as that earlier obtained [22] for other nuclei.
5 Probable dominant component of the wave functions
of the intermediate levels of most intense cascades
According to the modern theoretical notions, the wave function structure of any excited states
is determined by co-existence and interaction between the fermion (quasiparticles) and boson
(phonons) excitations. With the excitation energy a nucleus transits from practically mono-
component excitations of the mentioned types to the mixed (quasiparticles ⊗ phonons) states
with rather different [23] degree of their fragmentation. This process should be investigated
in details but there is no adequate experimental methods to study the structure of the wave
functions above the excitation energy of 1-3 MeV.
Nevertheless, some information on the probable dominant components of wave functions
of heavy deformed nuclei can be obtained. The authors of [24] suggested to search for the
regularity in the excitation spectra of the intermediate levels of most intense cascades by means
of auto-correlation analysis of the smoothed distributions of the sum cascade intensities from
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Table 1. Intensities were smoothed by means of the Gaussian function: F (E) =
∑
E Iγγ ×
exp(−0.5(∆E/σ)2). The distribution of this type smoothed with the parameter σ = 25 keV is




F (E)× F (E + T )× F (E + 2T ). (2)
for different selection thresholds of intense cascades are shown in Fig. 7. As it was shown in
[25] such analysis cannot give unique value of the equidistant period T even for the simulated
spectra (for example, for 25 “bands” consisting from 4 levels with slightly distorted equidistant
period) and provide estimation of the confidence level of the observed effect. In principle, both
problems can be solved in the experiments on the study of the two-step cascades in different
resonances of the same nucleus. But some grounds to state that the regularity really exists
can be obtained from a comparison of the most probable equidistant periods in different nuclei.
The set of the probable equidistant periods obtained so far (Fig. 8) allows an assumption that
the T value is approximately proportional to the number of boson pairs of the unfilled nuclear
shells. This allows one to consider the effect at the level of working hypothesis.
The regularity in the excitation spectra testifies to the harmonic nuclear vibrations. Thus,
one can assume that the structure of the intermediate levels of the studied cascades contains
considerable components of the rather weakly fragmented states like multi-quasiparticle excita-
tions ⊗ phonon or several phonons. This provides logical explanation of serious decrease in the
observed level density as compared with the predictions of the non-interacting Fermi-gas model:
nuclear excitation energy concentrates on phonos but quasiparticles up to the ≃ 2 MeV are
populate weakly or very weakly due to insufficiency of energy for breaking of paired nucleons.
6 Influence of structure of final level on cascade intensity
The structure of some levels of 193Os is known: the ground state and level Ef=72 keV are the
members of the rotational band [NnzΛ] = [512]↓, levels Ef=41, 102, and, probably, 295 keV
belong to the band [510]↑. It is seen from the Table 2 that the ratio between the experimental
and calculated cascades intensities amounts on the average to 1.9 and 2.7 in the first and second
cases, respectively. This discrepancy, as that observed earlier in other even-odd compound
nuclei, may be related [2] with the influence of the structure of the cascade final level on mean
probability of the cascade.
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7 Conclusion
Information on two-step γ-cascades for a number of nuclei from the mass range 114 ≤ A ≤ 200
(see, for example, [26]) from thermal neutron capture experiments forms a basis for study of
the characteristics of the γ-decay process.
The results indicate necessity to modify model notions of the properties of the excited states
of the heavy nuclei. The obtained information demonstrates that more correct description of
the process under study requires more detailed accounting for co-existence and interaction of
superfluid and normal phases of nuclear matter by the nuclear models. Achievement of com-
plete correspondence between the observed and calculated parameters of nuclear reactions, for
instance, neutron-induced reaction is impossible. This concerns, partially, the total radiative
widths of neutron resonances and γ-spectrum .




A list of absolute intensities (per 102 decays), iγγ , of measured two-step cascades and energies,
E1 and E2, of the cascade transitions, Ei is the energy of the intermediate levels.
E1,keV Ei, keV E2, keV iγγ
5277.00 306.90(10) 306.90 0.326(16)
265.42 2.209(52)
204.17 0.374(13)
5033.00 550.90(20) 448.17 0.032(4)
5010.70 573.20(20) 266.12 0.055(12)
4996.30 587.60(10) 353.74 0.041(6)
4908.70 675.20(10) 633.72 0.017(4)
572.47 0.013(4)
4795.40 788.50(10) 788.50 0.025(5)






4617.00 966.90(18) 671.22 0.014(4)
567.88 0.011(3)





4499.40 1084.50(45) 1043.02 0.033(4)
788.82 0.070(9)









E1,keV Ei, keV E2, keV iγγ







4398.50 1185.40(20) 1082.67 0.023(6)
4378.70 1205.20(50) 1163.72 0.076(9)
1102.47 0.097(6)








4358.20 1225.70(41) 1184.22 0.026(6)
1152.80 0.020(6)
769.93 0.448(16)
4339.30 1244.60(39) 1203.12 0.015(6)
788.83 0.062(6)
4316.60 1267.30(27) 1164.57 0.093(10)







4295.30 1288.60(10) 1288.60 0.630(18)
1247.12 0.127(6)
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4200.30 1383.60(30) 1076.52 0.029(6)






4185.70 1398.20(36) 1398.20 0.069(8)
1325.30 0.032(5)
Table 1 (continued)
E1,keV Ei, keV E2, keV iγγ








4149.90 1434.00(70) 1434.00 0.014(5)
4137.40 1446.50(57) 1373.60 0.112(6)
4086.50 1497.40(45) 1497.40 0.018(5)




















4028.10 1555.80(20) 1514.32 0.060(6)
13
E1,keV Ei, keV E2, keV iγγ
1248.72 0.035(6)















3923.60 1660.30(30) 1618.82 0.017(5)
3903.60 1680.30(42) 1373.22 0.024(8)








3861.40 1722.50(30) 1722.50 0.019(5)
1619.77 0.017(6)
1426.82 0.018(6)
3852.30 1731.60(33) 842.12 0.058(9)
3846.30 1737.60(60) 1634.87 0.025(6)
3839.00 1744.90(90) 1672.00 0.016(5)
1289.13 0.016(5)
Table 1 (continued)
E1,keV Ei, keV E2, keV iγγ
3829.70 1754.20(110) 1754.20 0.016(5)
1520.34 0.016(4)
3823.50 1760.40(20) 1657.67 0.047(8)
1526.54 0.014(4)
















3788.10 1795.80(43) 1693.07 0.021(6)
1561.94 0.019(4)
3785.00 1798.90(50) 1565.04 0.030(4)
3781.90 1802.00(75) 1760.52 0.022(5)
3778.80 1805.10(34) 1805.10 0.026(5)
3757.20 1826.70(90) 1826.70 0.018(5)
1753.80 0.014(5)







E1,keV Ei, keV E2, keV iγγ
1432.08 0.020(4)
1375.33 0.022(5)













3730.30 1853.60(92) 1619.74 0.016(4)
3721.20 1862.70(80) 1759.97 0.029(6)
3709.30 1874.60(45) 1874.60 0.031(10)








3675.30 1908.60(35) 1867.12 0.015(5)
1509.58 0.032(6)
1452.83 0.025(6)









3662.70 1921.20(30) 1848.30 0.013(5)
1818.47 0.030(6)
3651.80 1932.10(60) 1890.62 0.028(5)
1859.20 0.089(5)
3648.80 1935.10(16) 1935.10 0.023(10)
1832.37 0.082(6)
1536.08 0.023(5)
3645.30 1938.60(44) 1938.60 0.321(24)
1897.12 0.048(5)
3634.90 1949.00(42) 1641.92 0.018(6)














3594.10 1989.80(60) 1755.94 0.020(4)






E1,keV Ei, keV E2, keV iγγ
1603.08 0.025(6)






3563.10 2020.80(80) 1786.94 0.022(4)
1713.72 0.021(6)
3559.60 2024.30(55) 1982.82 0.027(6)




3544.00 2039.90(70) 2039.90 0.043(5)
1732.82 0.021(5)




3533.10 2050.80(80) 1816.94 0.023(5)
1755.12 0.046(6)
1651.78 0.046(5)
3530.40 2053.50(85) 1950.77 0.080(10)
3524.20 2059.70(20) 2018.22 0.018(6)








E1,keV Ei, keV E2, keV iγγ
1354.90 0.019(7)





































3480.50 2103.40(40) 2061.92 0.018(6)
1807.72 0.018(6)
3475.80 2108.10(80) 1874.24 0.022(6)
3472.20 2111.70(70) 2111.70 0.024(5)
1222.22 0.034(8)
3468.00 2115.90(50) 2074.42 0.032(6)
3459.80 2124.10(32) 2021.37 0.046(8)
1890.24 0.022(4)
3457.50 2126.40(32) 2084.92 0.032(6)
1819.32 0.032(5)







3449.70 2134.20(40) 2134.20 0.021(5)
1900.34 0.048(6)
1827.12 0.086(6)
3440.40 2143.50(42) 2040.77 0.015(6)
3433.30 2150.60(52) 2109.12 0.018(7)
1854.92 0.023(5)
3430.10 2153.80(60) 2051.07 0.061(8)
1858.12 0.039(5)
3426.80 2157.10(10) 2157.10 0.030(5)
1850.02 0.028(5)
3420.20 2163.70(50) 2090.80 0.042(5)
1929.84 0.026(4)
Table 1 (continued)
E1,keV Ei, keV E2, keV iγγ
1707.93 0.021(6)






3405.80 2178.10(10) 1288.62 0.042(11)
3402.60 2181.30(80) 2139.82 0.056(7)
2108.40 0.019(5)




3391.50 2192.40(22) 2150.92 0.063(7)
2089.67 0.078(8)
1483.20 0.029(8)




3378.80 2205.10(35) 2102.37 0.040(6)
1806.08 0.018(5)




3361.90 2222.00(26) 2222.00 0.014(5)
1988.14 0.024(5)
3358.80 2225.10(30) 2183.62 0.251(12)
1929.42 0.026(5)
3353.30 2230.60(28) 2230.60 0.023(5)
2127.87 0.042(6)
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E1,keV Ei, keV E2, keV iγγ
3349.30 2234.60(70) 2234.60 0.021(5)
3344.00 2239.90(50) 2198.42 0.021(6)
3337.60 2246.30(70) 2204.82 0.029(6)





3334.70 2249.20(95) 1540.00 0.061(12)
3333.00 2250.90(70) 2250.90 0.602(26)
2209.42 0.028(6)
3328.00 2255.90(20) 2153.17 0.021(6)
1948.82 0.031(11)
3325.50 2258.40(40) 2258.40 0.024(9)
1859.38 0.022(5)
3305.20 2278.70(20) 2205.80 0.028(5)
2175.97 0.021(6)
1983.02 0.020(6)
3298.50 2285.40(40) 2182.67 0.055(6)
3293.40 2290.50(30) 2290.50 0.020(8)
2249.02 0.033(5)
3289.60 2294.30(31) 2294.30 0.021(8)
3286.60 2297.30(60) 2255.82 0.032(5)
2224.40 0.033(5)
2194.57 0.017(6)
3273.90 2310.00(15) 2310.00 0.052(14)
2268.52 0.045(5)
2076.14 0.035(16)





E1,keV Ei, keV E2, keV iγγ
1860.13 0.064(8)








3251.30 2332.60(29) 2291.12 0.016(5)
2229.87 0.017(6)
3243.80 2340.10(42) 2298.62 0.026(5)
3241.00 2342.90(80) 2301.42 0.029(5)
2240.17 0.055(6)




3233.50 2350.40(40) 2043.32 0.019(8)
3223.00 2360.90(75) 2127.04 0.021(6)
3219.70 2364.20(37) 2364.20 0.024(5)
2261.47 0.025(6)





3210.80 2373.10(34) 2373.10 0.016(5)





E1,keV Ei, keV E2, keV iγγ








3187.60 2396.30(31) 2396.30 0.046(5)





3169.90 2414.00(85) 2372.52 0.021(6)
3162.90 2421.00(27) 2379.52 0.070(7)
2021.98 0.017(5)
1531.52 0.042(9)
3157.10 2426.80(40) 2426.80 0.055(6)
2324.07 0.036(6)
2192.94 0.017(5)
3152.60 2431.30(80) 2431.30 0.047(6)
2328.57 0.093(10)





3146.20 2437.70(40) 2396.22 0.017(6)
3141.40 2442.50(52) 2442.50 0.032(5)
3136.90 2447.00(100) 2405.52 0.051(6)
2151.32 0.019(6)
Table 1 (continued)
E1,keV Ei, keV E2, keV iγγ
3133.80 2450.10(55) 2377.20 0.015(5)
2347.37 0.019(6)
3125.40 2458.50(20) 2355.77 0.027(6)
2151.42 0.017(6)
3122.20 2461.70(50) 2461.70 0.027(5)
2227.84 0.110(7)
2154.62 0.031(6)






3113.50 2470.40(29) 2470.40 0.025(8)
2163.32 0.025(6)
3099.60 2484.30(20) 2442.82 0.057(6)
2381.57 0.023(6)
2250.44 0.035(5)
3097.20 2486.70(65) 2179.62 0.016(6)














E1,keV Ei, keV E2, keV iγγ
2204.02 0.051(6)
3080.40 2503.50(32) 2503.50 0.019(6)
3077.60 2506.30(100) 2433.40 0.045(5)



























3053.00 2530.90(40) 2223.82 0.021(6)
Table 1 (continued)
E1,keV Ei, keV E2, keV iγγ
3050.20 2533.70(70) 2533.70 0.105(9)
2299.84 0.058(5)






3035.70 2548.20(60) 2445.47 0.044(8)
2314.34 0.093(6)
2252.52 0.029(7)
3032.60 2551.30(90) 2551.30 0.144(10)
3029.30 2554.60(80) 2554.60 0.016(6)
2247.52 0.019(6)
3025.80 2558.10(44) 2516.62 0.081(7)
2251.02 0.022(6)










3005.90 2578.00(50) 2344.14 0.027(9)





E1,keV Ei, keV E2, keV iγγ
2284.42 0.024(6)
2124.33 0.037(6)
2998.90 2585.00(85) 2585.00 0.018(6)
2543.52 0.030(6)
2986.50 2597.40(30) 2597.40 0.067(9)
2363.54 0.019(5)





2977.00 2606.90(32) 2504.17 0.023(6)





2969.20 2614.70(14) 2380.84 0.028(5)
2954.60 2629.30(24) 2526.57 0.044(6)
2322.22 0.015(6)
2951.60 2632.30(10) 2632.30 0.049(8)
2590.82 0.041(7)
2529.57 0.030(6)
2946.10 2637.80(30) 2637.80 0.018(6)
2596.32 0.039(6)
2535.07 0.015(6)
2927.30 2656.60(42) 2656.60 0.043(6)
2615.12 0.057(7)
2553.87 0.040(8)
2922.10 2661.80(35) 2354.72 0.020(6)












2896.80 2687.10(14) 2645.62 0.032(6)
2614.20 0.026(6)
2893.70 2690.20(35) 2648.72 0.028(6)
2456.34 0.033(7)
2890.00 2693.90(52) 2621.00 0.026(6)
2591.17 0.019(6)















2875.00 2708.90(65) 2475.04 0.066(8)
2413.22 0.022(7)
2869.10 2714.80(14) 2480.94 0.022(6)
2407.72 0.032(6)
2867.00 2716.90(42) 2409.82 0.029(6)
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E1,keV Ei, keV E2, keV iγγ







2860.30 2723.60(36) 2650.70 0.023(6)
2489.74 0.048(6)
2855.70 2728.20(52) 2686.72 0.057(7)
2625.47 0.029(6)
2851.80 2732.10(42) 2732.10 0.062(11)
2849.60 2734.30(18) 2734.30 0.062(10)
2500.44 0.027(6)
2845.50 2738.40(40) 2696.92 0.018(10)
2635.67 0.021(8)
2504.54 0.021(6)




2837.20 2746.70(12) 2643.97 0.053(8)
2834.10 2749.80(22) 2749.80 0.025(6)
2676.90 0.056(6)
2647.07 0.038(8)
2831.00 2752.90(36) 2519.04 0.016(6)
2445.82 0.027(6)
2825.70 2758.20(29) 2524.34 0.044(6)
2822.20 2761.70(85) 2761.70 0.030(6)
2819.00 2764.90(30) 2457.82 0.026(6)




E1,keV Ei, keV E2, keV iγγ
2540.04 0.022(6)
2466.82 0.033(6)
2804.50 2779.40(30) 2545.54 0.018(6)







2799.80 2784.10(44) 2550.24 0.027(9)
2477.02 0.041(6)
2791.90 2792.00(23) 2750.52 0.015(6)
2496.32 0.024(7)
2484.92 0.049(6)








2772.30 2811.60(60) 2738.70 0.024(6)
2504.52 0.029(6)
2761.10 2822.80(19) 2113.60 0.030(7)
2753.60 2830.30(45) 2727.57 0.036(6)
2596.44 0.097(7)
2749.60 2834.30(60) 2731.57 0.042(6)
2727.60 2856.30(50) 2856.30 0.138(9)
2753.57 0.036(6)
2549.22 0.032(6)
2720.10 2863.80(17) 2822.32 0.041(6)
22




2713.90 2870.00(22) 2870.00 0.071(8)
2828.52 0.099(9)
2767.27 0.190(10)
2708.10 2875.80(40) 2875.80 0.045(6)
2773.07 0.019(6)
2641.94 0.020(6)
2703.90 2880.00(44) 2807.10 0.027(6)
2646.14 0.025(6)
2696.90 2887.00(61) 2814.10 0.127(9)
2579.92 0.019(6)
2487.98 0.028(6)
2679.80 2904.10(47) 2597.02 0.034(6)





E1,keV Ei, keV E2, keV iγγ
2601.92 0.030(7)
2509.98 0.028(5)
2670.60 2913.30(40) 2871.82 0.037(7)
2606.22 0.043(7)
2665.90 2918.00(31) 2918.00 0.021(6)
2610.92 0.021(6)
2611.50 2972.40(28) 2930.92 0.121(10)
2516.63 0.047(6)
2604.00 2979.90(29) 2938.42 0.060(7)
2877.17 0.034(8)
2597.00 2986.90(90) 2914.00 0.025(6)
2582.20 3001.70(30) 3001.70 0.024(6)
2898.97 0.025(6)




2573.50 3010.40(100) 3010.40 0.035(8)
2937.50 0.042(5)
1. The lower estimation of iγγ for cascades with E1 < 520 keV or E2 < 520 keV.
2. Only statistical uncertainty of determination of energy and intensity.
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Table 2. The sum energies (keV) of cascades Ec, the calculated I
cal
γγ and experimental I
exp
γγ












5583.90 12.5(2) 6.2 6.5 4.7 5.3
5542.42 12.2(2) 5.6 5.7 4.4 4.7
5511.00 4.5(1) 2.9 3.0 2.2 2.5
5481.17 19.0(1) 5.1 5.3 4.0 4.4
5350.04 7.2 (2) 4.1 4.4 3.2 3.7
5288.22 3.9(2) 2.0 2.2 1.6 1.8
5276.82 8.1(4) 3.6 4.0 2.9 3.4
5184.88 4.0(2) 1.6 1.9 1.3 1.6
5128.13 3.8(2) 1.5 1.8 1.2 1.5
4874.70 1.5(1) 0.9 1.2 0.7 1.0
4694.42 3.4(2) 1.1 1.7 1.0 1.5
total 81(1) 34.6 37.7 27.2 31.4
Table 3. The energy (keV) Ec of the experimentally unresolved cascades, the energy (keV) Ef
of the corresponding them final levels with the probable values of Jpi for 191,193Os.
191Os 193Os
Ec Ef J
pi Ec Ef J
pi
5485.9 273 5/2- 5481.2 103 3/2-
5287.0 472 5/2- 5288.2 296 5/2-
5184.5 574 1/2- 3/2- 5184.9 399 5/2-
5127.9 631 5/2- 5128.1 456 5/2-
24
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Figure captions
Fig. 1. The part of the sum coincidence spectrum for 191,193Os. The peaks are labelled with
the energy (in keV) of final cascade levels. The mass of the corresponding isotope is given in
brackets.
Fig. 2. The part of the intensity distribution of the two-step cascades summed over 11
cascade final levels in 193Os.
Fig. 3. Frequency distribution of differences of the primary transition energies E1 of the
cascades in 193Os and 191Os [13]. Horizontal lines represent the average value and mean-square
deviation from it.
Fig. 4. The cumulative cascade intensities in 193Os for four excitation energy intervals 1.50-
1.75, 2.00-2.25, 2.50-2.75, and 2.75-3.00 MeV versus intensity (histograms). Approximation
and extrapolation of cumulative intensities to values corresponding to Iγγ = 0 are illustrated
by solid lines.
Fig. 5. The number of the observed intermediate levels of cascades in 193Os (Table 1) for
the excitation energy interval of 100 keV (circles). Curves 1 and 2 represent the predictions of
the models [18] and [19], respectively. The histogram is the estimation [16] of the level density
from the shape of the distribution of cumulative sums of cascade intensities.
Fig. 6. The dependence of the “smoothed” intensities of resolved cascades listed in Table 1
on the excitation energy. Possible “bands” of practically harmonic excitations of the nucleus
are marked. The parameter σ = 25 keV was used.
Fig. 7. The values of the functional A(T ) for three registration thresholds of most intense
cascades. The value of the registration threshold (% per decay) is given in the figure.
Fig. 8. The value of the equidistant period T for 193Os (asterisk), even-odd (triangles) and
odd-odd (circles) nuclei as a function of the number of boson pairs, Nb in unfilled shells. The
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